care practices and performance among minority diabetes patients may lead to improved outcomes. Evidence suggests that minorities with diabetes may receive a lower quality of care and experience greater barriers to effective selfmanagement, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] despite being at greater risk for complication, disability, and mortality than white diabetes patients. [1] [2] [3] [4] [5] [6] Intensive drug therapy improves glycemic control and reduces the risk of microvascular and other diabetes-related complications. [17] [18] [19] [20] While frequent self-monitoring of blood glucose (SMBG) in combination with insulin therapy can lead to reduced glycemic levels, the optimal frequency or timing of SMBG to produce clinical benefits for patients using oral hypoglycemic medications remain unclear. [21] [22] [23] [24] [25] However, routine SMBG is the recommended standard of self-care for all diabetes patients based on American Diabetes Association (ADA) guidelines. 26 Understanding the role of race in self-monitoring and other aspects of self-management is incomplete, and strong longitudinal evidence on racial differences in diabetes selfmanagement practice is limited. [7] [8] [9] [10] 16 In a recent longitudinal study of diabetes management, 27 we found that despite receiving care in a managed care setting where equal access to services and high quality of care are provided, blacks had consistently higher HbA1c levels than whites, and these racial differences in diabetes control did not diminish over time. These findings suggest that variations in other areas of diabetes care, such as in self-management, may play a larger role in disparities in diabetes outcomes than differences in quality of care.
In this study, we evaluated whether differences exist between blacks and whites in long-term self-monitoring practices and whether these differences change over time in an HMO. We used 5-year follow-up of newly treated diabetes patients to assess racial differences in initiation of SMBG and subsequently examined race differences in prevalence, sustained intensity of SMBG, and in rates of compliance with ADA recommendations for appropriate use of SMBG among newly treated diabetics who initiated SMBG. Given previous findings, we hypothesized that racial differences may exist at the onset of receiving a new diabetes drug therapy, and racial differences in self-monitoring practice would persist over time.
RESEARCH DESIGN AND METHODS

Study Setting and Data Sources
Harvard Vanguard Medical Associates (HVMA) is a large multispecialty care group comprised of 14 health centers serving over 300,000 people in the Boston area. During this study period, >95% of all HVMA patients were insured by Harvard Pilgrim Health Care (HPHC).
Using HVMA's electronic medical record system, we captured data from 1/1/1992-12/31/2001 from all ambulatory and inpatient encounters, including pharmacy contacts and laboratory test results, diagnoses, procedures, and therapies. The electronic medical record system also contained enrollment data including date of birth, gender, specific months of membership, and census block group of member's residence (which were linked to socioeconomic characteristics of the neighborhood such as income and education).
Under the pharmacy benefit, HVMA/HPHC members could fill prescriptions for up to 3 months' supply from in-house pharmacies for a modest co-payment (median co-payment for blacks and whites=$5.00) throughout the study period. This benefit provided members with a strong incentive to use the pharmacies within the health care system under study, increasing the likelihood that dispensing information is complete.
All records for emergency room visits, hospitalizations, and other services received outside the HVMA system were recorded in a linked claims database. Previous studies have documented the reliability and validity of these linked longitudinal data.
28,29
Study Cohort
To be eligible for inclusion in the study, patients had to be at least 18 years old, black or white race identified by medical personnel, and newly treated with an oral hypoglycemic or insulin. Patients must have had at least 1 year of continuous enrollment in HVMA leading up to the first diabetes drug dispensing with no prior SMBG. Because recommended standards of SMBG differ for patients on oral hypoglycemic versus patients on insulin therapy, patients who switched from oral hypoglycemic to insulin would expect to have fairly abrupt increases in their glucose self-monitoring; therefore, patients who switched from an oral hypoglycemic to insulin at any point during the 5-year follow-up period (=8% of black and white patients) were excluded. Women with gestational diabetes at any point during the study period were also excluded.
The resulting study sample consisted of 2,500 patients, of whom, 661 (26%) were black. For multivariate analyses of the relative difference between blacks and whites in prevalence of SMBG, intensity of SMBG, and prevalence of patients meeting recommended targets of SMBG use, 768 patients with less than 12 months of follow-up after initiation of SMBG were excluded, leaving an analytical sample of 1,732 patients.
Key Predictor and Outcome Measures
Patient race was visually identified by medical personnel and available for 70% of the larger patient population from which this study cohort was identified. The validity of race data in this setting has been previously documented. 34 Fixed effect covariates included gender, age, and census-derived median neighborhood household income and educational attainment. Main outcome measures included incidence of SMBG (time to first dispensing of test strips after diabetes drug dispensing), cumulative probability of ever self-monitoring in a given year, prevalence of current SMBG (≥1 test strip in a given year), intensity of SMBG (mean number of test strips), and adherence to SMBG standards of care (% meeting ADA recommended use). To measure self-monitoring, we used dispensed test strips, a more valid indicator of actual self-monitoring than self-report. 4, 10, 17 As described in our previous work, 33 dispensed test strips were counted by distributing them evenly over the days between dispensings (or over 60 days after the dispensing date if no subsequent dispensing occurred within that period). ADA-recommended rates of SMBG were 3 or more strips per day for those using insulin or combination therapy and 1 or more strips per day for those on oral hypoglycemic medications. In a subsidiary analysis, we also measured adherence to a lower standard of 1 or more strips per day for those on insulin therapy. Because changes in body mass index (BMI) or glycemic levels may precipitate decisions to initiate monitoring, we used last recorded BMI and HbA1c level in the quarter before the month in which initiation of SMBG was estimated. For multivariate statistical models, prevalence of SMBG use, intensity of SMBG, and prevalence of SMBG use recommended by guidelines represent annual summary outcome measures. Therefore, we used annualized covariates for the same year to characterize service utilization and health status.
Using a previously validated method, 30 we assessed comorbidity by counting the average monthly number of nondiabetes medicines taken by each patient in a year using the first eight digits of the American Hospital Formulary Services code. We also included as a control for severity of illness a monthly and annual indicator of whether the patient had a diabetes-related hospitalization or emergency room visit (ICD-9=250.XX). To adjust for differences in patient involvement with the care system, we controlled for average monthly number of outpatient physician visits per year.
Statistical Analysis
We performed all statistical analyses using SAS V8.02 (Cary, NC SAS, Inc 2000). All analyses were stratified by oral hypoglycemic and insulin therapy. All models were constructed separately for these 2 therapy groups. Patients on multiple oral hypoglycemic or metformin therapy were grouped with oral hypoglycemic-treated patients for all analyses.
We used chi-square and t tests to compare racial differences in demographic and clinical status during the 12 months after initiation of diabetes drug therapy (baseline period). Bivariate correlates of race (p<0.20) were included in our main multivariate models (Cox survival, generalized estimating equation models).
To examine racial differences in SMBG initiation, we produced Kaplan-Meier estimates and unadjusted time to SMBG, comparing blacks to whites. We used multivariate Cox survival regression models to test whether race was an independent predictor of initiation of SMBG for both drug therapy cohorts, 31 adjusting for fixed and time-varying patientlevel characteristics. For the Cox survival models, we employed time lags of either 1 month or quarter for key time-varying covariates, including BMI, glycemic levels (HbA1c), number of non-diabetic medications, number of HbA1c tests, number of physician visits, and severity of illness. Follow-up time for these analyses was expressed as months from first diabetes medication dispensing. Patients who never initiated SMBG by the end of follow-up or whose enrollment in HVMA/HPHC ended before SMBG initiation occurred were censored. Adjusting for fixed and time varying covariates, we then used generalized estimating equations (GEE) for the remainder of our analyses. The first was a logit GEE to determine whether prevalence of SMBG after initiation of SMBG differed between blacks and whites within insulin-and oral-hypoglycemictreated patients. Among patients who initiated self-monitoring, we compared the intensity of SMBG between race groups over time using Poisson GEE models. Patients who discontinued self-monitoring continued to contribute to these analyses until disenrollment from HVMA/HPHC or end of follow-up. Lastly, in a subsidiary analysis among the cohort of insulin-treated patients for whom the efficacy of SMBG is well documented [17] [18] [19] [20] , we fit logit GEE models to examine racial differences in rates of adherence using the evidence-based ADA standard of SMBG (i.e., ≥3 times per day) and a more relaxed standard of 1 or more strips per day. The main terms of interest in all our GEE models were interaction terms between race and temporal variables that captured the differential relationships between blacks and whites over the 5 years after SMBG initiation. We also tested for race and SES interactions using likelihood ratio and chi-square tests.
RESULTS
Description of Study Cohort by Race
As shown in Table 1 , about 74% of patients were white and 26% were black. Among new oral-hypoglycemic-treated patients, black patients were more likely to be female, younger, and with poorer glycemic control, but had fewer hospitalizations and non-diabetes medications. Black patients who initiated treatment on insulin therapy had greater numbers of hospitalizations and emergency room visits than white patients. Most patients who initiated SMBG did so within the first month of drug therapy.
Effects of Race on SMBG Over Time Figure 1 shows race differences in unadjusted cumulative rates of trials of SMBG during 5 years after first diabetes medication dispensing. As expected, insulin-treated patients initiated SMBG sooner and at higher rates of SMBG use than patients on oral hypoglycemic therapy. Blacks were as likely as whites to initiate SMBG when on insulin therapy. However, where the median household income falls below poverty level varied by race. As shown in Figure 2 , the prevalence over time of continuing SMBG among insulin-and oral-hypoglycemic-treated patients was consistently lower in blacks than whites. Substantial drops in SMBG prevalence occurred by the end of the initial year. Among insulin patients, 70% of white and 65% of blacks continued self-monitoring in the second year; however, after adjusting for covariates, this black-white difference was not significant (Table 2 ). Only 62% of white and 56% of black oralhypoglycemic-treated patients continued SMBG after the first year (p <0.0001). Prevalence of SMBG steadily decreased thereafter for both drug and race groups, although blacks had consistently lower SMBG rates than whites among oral users.
Effects of Race on Adherence to ADA Recommendations for SMBG
As expected, intensity of SMBG was greater for patients on insulin therapy compared to patients on oral hypoglycemic therapy over time (Fig. 3) . Intensity of SMBG remained consistently lower among blacks than whites during 5 years of follow-up; both blacks and whites performed well below ADA standards. Intensity in both race groups fell sharply in the first year of monitoring, then tended to remain stable over the remaining years for both insulin-and oral-hypoglycemictreated patients.
In Table 2 , after adjusting for covariates, blacks compared with whites were self-monitoring at a significantly lower intensity, irrespective of drug treatment, [IRR for insulin- . Furthermore, the relative difference between blacks and whites did not increase over time (p>0.05). Figure 4 compares race differences in rates of adherence to standards of SMBG among newly SMBG-initiated patients on insulin therapy, a group for whom there is well-established clinical benefits of frequent SMBG. [17] [18] [19] [20] Less than 1% of blacks and <10% of whites were self-monitoring at the ADA standard of 3 or more strips per day, and only 36% of white and 10% of black insulin-treated patients met the less stringent standard of 1 strip per day. After adjusting for covariates, the prevalence of achieving either recommendation standards of SMBG levels differed between blacks and whites (Table 3) . Blacks were less likely than whites to adhere to a once-a-day recommendation of SMBG across follow-up [OR=0.30 (0.13, 0.70)]. This blackwhite difference was even greater under the ADA recommendation [OR=0.03 (0.01-0.55)].
CONCLUSIONS
In this longitudinal investigation, we followed a cohort of 1,732 newly treated diabetes patients for 5 years to determine whether patterns of long-term SMBG practice differed by race. After adjusting for key covariates, black and white patients treated by insulin initiated and continued SMBG at the same rates. However, the lower intensity of SMBG over time by black insulin-treated patients suggests that there may be racerelated differences in affordability, competing demands, understanding, or valuation of regular self-monitoring. In contrast, among oral hypoglycemic patients, both the intent and inclination to adhere to SMBG appeared to differ between blacks and whites. Race differences were evident across all SMBG outcome measures. Blacks living in poorer neighborhoods were less likely to initiate SMBG than whites. Blacks were also slightly less likely to continue monitoring after 1 year, and these differences in continued use remained small throughout follow-up. Larger differences in intensity of SMBG were apparent in the first year, and these also remained constant over time.
These findings are consistent with our earlier investigation 33 in which we found that coverage of self-monitoring equipment increased glucose self-monitoring, particularly among blacks, but that sustainability was low. Nearly all patients who initiated SMBG as the result of the coverage increase discontinued within 18 months, with blacks discontinuing at higher rates than whites. In the current study, we assessed race differences in frequency of SMBG over a longer follow-up period and adjusted for covariates. Furthermore, unlike prior studies, [9] [10] [11] [12] 32, 33 our longitudinal analyses compared rates of adherence based on well-established standards of SMBG for both insulin and oral hypoglycemic treatment groups. The ADA continues to recommend frequent SMBG as a necessary part of self-care. However, intensity of SMBG was surprisingly low in the current study, particularly among black insulin-treated patients. While black insulin-treated patients were at <1% of the recommended target, their white counterparts only performed slightly better, with 10% meeting the ADA target. While we anticipated significant race differences in SMBG performance, we did not expect that overall adherence would be so low. Additional research is needed to explain these low rates, particularly among insulin-treated patients for whom frequent SMBG reduces the risk of serious and costly diabetes-related complications. [17] [18] [19] [20] 34 The longitudinal follow-up of a large cohort of patients within an HMO where essentially all utilization can be captured and the use of ADA-recommended standards of SMBG as a base to measure compliance make this study unique. Furthermore, the ability to identify time points when black and white patients diverge with respect to self-monitoring is important for future interventions. However, the study has several potential limitations. First, because race was determined from clinician reports, misclassification may have occurred, although previous work has shown that assessments of white and black race in this setting are highly valid. 35 In addition, race may serve as a proxy for a myriad of cultural and psychosocial factors that can influence patient selfmonitoring. 36 Although we did not have individual SES measures, we were able to adjust for neighborhood educational attainment and income. Unfortunately, we did not have measures of ethnicity (Hispanic/non-Hispanic) or other cultural and psychosocial factors that may be closely correlated with race. For this reason, the observed racial differences may in part represent cultural or biological constructs. 37 We recognize that the way we constructed our samples for longitudinal analyses may underestimate utilization of SMBG among black patients relative to whites. Our longitudinal results are based on patients who initiated SMBG, excluding those who never initiated. Racial differences in SMBG performance, particularly in intensity and compliance with ADA recommended guidelines, would be more prominent if we included all non-initiators of SMBG in these analyses. Thus, our findings represent the lower bound of the racial gap that exists and persists in this setting.
Finally, while we are not able to generalize our findings to non-managed care settings, the large proportion of black patients enrolled at HVMA allows for comparison to other studies of racial differences in diabetes self-management in similar settings.
In conclusion, race differences exist and persist over time within a managed care system that provides equal access to services and quality care for diabetes patients. Race differences are not apparent in rates of initiation of SMBG among insulin patients, but large gaps appear in sustainability and intensity of SMBG over time. Among oral hypoglycemic users, race differences are prominent in all 3 outcome measures. In the presence of an established, evidence-based standard of selfcare for patients on insulin therapy, intensity of SMBG may be too low to have clinically meaningful impacts. Our findings suggest that early and continued emphasis on adherence may be necessary to improve and maintain optimal levels of SMBG. Furthermore, integration of interventions may be needed to reduce persistent racial differences in long-term SMBG practice and clinical outcomes.
